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Mister President end colleagues it is indeed & great homor and pleasure

. for me to have been invitsd to present thie material before the German

Roenggen'Socgety.' When our German ;olifagues visit us’ m‘.the United_‘Sgates.
they have been cbn;;detate enough to sp:ea'k in Engliéh; Convgtsely, I shall
gttgn;pt to re@ my contribution in German, I only hope tha‘t vhen :I ha;re
ftﬁiaitedj"fog- wi.li not lqdk &t each other an%i éay f’We;l at least I h;ve'
"eamd ;ﬁe th‘ing,)bnever before d;@ I realize how much the Engliah lang;xage
sounds like Gém. ",

"+ And now with your Lndulgehce I chall reéd wy paper,
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RADIOBIOLOGICAL BASIS FOR THE WHOLE BODY S
RADIATION SYNDROME |

It is of course well-known that whole body radiation profoundly affects

cell populetions in the hematopoietic system, This occurs in ell specieé;

howevér thera are marked species diffetepces in sensitivity and in the time

course of events, This ies illustrated 19 the first slide, and may I now

have the first clide pleass,
Slide 1 |
Here we gee the meutrophilic granulocytes oﬁ tha ordirate plotted
J.against daye after radiation on the ébacigga, for threg specles. The
;';"fdose levels are in the saw® range, around 350 r. Note that the rat is
- 1ittle effected st this dose level; the dog and man are profoundly
effected, Note also the marked difference in the tima course of evente,
>’_with changee occurring quite earlf in the rat, later in the dog, and

"still later in man, Slide off please,

1t ie my purpose now to present experimental data, of our own and frbmv

the 1iterature, to examine the degree to which the profound and potentially

lethzl effects on the'hematopoiétic tissuas can be explained on the basié‘of
known effects of radiation on involed hematopoietic célls themsalves, ‘Orf
glternatively is it ngceséar&lto invoke other, perhaps méte generalized '
aystemiclchénges.ﬁhat indirectly or secondarily result in the pfbfdunﬂ mértow
aplasia énﬁ pancytopenia that is'aeen.; I shallyalao advancé & tentative

hypothesie tovéxplain the marked gpecies difference in sensitivity, and the

B marked difference in the time course of gveﬁts scen in different spacies,

in general; the rediation dose levele referred to fall roughly in the range

- in which clinical manifestations are chiefly the result of bome marrow damgge.’
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I chall not be deaung wtth higher dose levela m which damage to ths bowal |

epttheuum. or even to the cencral nervous system, may laad principally to
the symptomatology seen, - Also, becausa of the ghort time available, I shall -
digcuss principally tﬁe mﬁelocytic serias; .vbam'ge'; to thig system correlates
‘well with m;artality rate. altﬁough.damage to ot&ér cell geries are obviéualy
of'importance algo, Hence, unless stated othe:wisa. I shall be speaktng of
the neutrophilic seriea. ) |
Before proceeding, it ig necessary to recall the general nature of any .
‘proliferal:ing sysﬁem such as the bone marrow, A model for this gystem can be
.drawn as compllicated es one wishes, In Slide 2 is showa a diapram indicating -
& high!y over-simpltfied model, ghowing the compartments that must be present.
Slide 2 ' |
] | ‘The elide is rather self-explanatory. A etem cell must exist,
The cell cannot only p:oduée daughters that are capable only df
" maturation end/or furcher division with ultimate fxmction and death,
‘but alao cells which are capable of producing daughtere that are stem
cells. The morphological identity of these stem cells in not known
'téith certeinty, Nor sare thair relative numbers known, although they
;; <mst conatitute a fraction of onz per cent of the total marrov cella.
o Divi.sion of tba stem cella/pz'oduce wore ctem cells can be temed
(quotee) "vertical" (end quotes) division. Tbat which produces |
o maturating ceus can be called (quot:ea) "horizontal" (end quates)
d!.vieions. In the divid!.ng and maturating compartmente of the -
. marrow, onme eould expect many more mature than {mmature cells. In
the simplest: concept one would expect the telatlva numbera to
o/ increase approximately expoaentially with degree of maturity, It is

" pot known how many divieiomsare undergone by a cell in the entire




 maturating ﬁroéeéa. _ Nor is ,iﬁ known accurstely, the total time from
... which a cell becomes raéognizabla as a .myélo_cy_uc precursor, until it
. maturates, becomes functional and dies, . An estimate is shown at the
_bottom of the slide hovever and it is probable that this time is .,
approximately three to three 2nd ‘one half .days for the rodent;

perhaps five to six days for the dog and men, S11dé off please.

Let us aow turn to the effocts of radtaﬁion on thege various cbmpartmegts
in thé hemopoietic sys'cem.. ' Si'gnificant’ effects on the n:.oiz-d!.vid.iﬁg | |
maturating and functtonal ceile in f:he marrow and blood can bevdismissed'at:
~once, Doses required for direct damage to these mye!&éytie calls are fai '
| beyond thé range of biological interest haré. Lot us then deal first wi:h the
-.effects' of radiation on the stem cell compartment, and then on the dividing
" end niaturating cells of the marrow, . o '
Firat; then with regard to the stem cell compartment, COnsidé;able direct
fnformation 1s availsble with respact to their-saizsit!.w‘rity, at least in the
wmousea, And one can deduce additional information froﬁ so-called (quotes)
"surv!.val" (end quotes) curves that have been obtained -~ first for maumalian
cella grown in culture, and later for 2 variety of systems, Such a survival
~ curve for mouse etenm cells, taken frcm the work of Till end Mx:Cullough. 13
ghown in the mext elide, May I have the mext slide please. |
bt Slide 3 | o - | |
Iu these etudies. bone marrcw was 1rrad1ated either 1n vitro or
dn vivo, The irradiated marrow was then injected into .heavily irradiated
reéipient mice, and,ih'e‘survivai of e;e_m.ce}ll‘s in the iri‘adiaied ﬁnjected .
‘marrow _v:aé~ evaluated liixAte'rms of ability to produce visible modules or

colonies of colls in the spleen of the heavily 1r:aﬁiated recipient mouse,



o exponential neture of tha curve. This means that soma viable cells

remain even after very high doses. .

. The general'natu:gtin the slope of this~cuf¢e is the same as that obtained

for Hela céliq in culturé and for a variet& of ofher proliferating cells

. types in other systems, Before remarking further on this curve =
- -gpecifically, let me make a few remarks reléting’to‘the gene:a}.natdré

i+ and meaning of all such curves so far obtained,

First, these are termed (quotes) “gurvival® (end quotes) cutves,

. but. the maaning of survival 15 special Survival means that tho cell
end its progeny hava been able to continue co divide lang enough go that
an entlre clone has devaloped With EcLa cells. these are visible

colonies on the arter (?) plate. With stem cellé. it is a visible

colony 1n the spleen. Thus ths tize for obscrvatioa, or ecoring. 1o

saveral daye to weeks, Thus survival docs not mean life or death of

. the cell as determined by morpholoolc damagc eo chc direc:ly radiated
'cell. which might be v'aib!e on the microscope after some few hours or:
‘ - days. Whether sutvtval 13 a weasure of tha proliferative capacity of

the 1rradiated cell e tbe capaclty for sustained proltferation of ie and

' ' 1ta ptogeny.'

egcbnd, by thia criterion of aurvival. note haw radiosensitive

vary with type of cell. But unifcrmly it has required only of the oxder
7'of fifty to one hundred fifty r to reduce the number of viable cells to

3 one half. ‘This is in contrast to morphological criteris, For most

cell'typea, an ext:emely large doae of radiation 1 taqulred to produce

detectible damage before the firct divtsion of ehe celt.' Note also the

— gy

‘v'vsuch proliferative mammalian cells sre, Actual dcwe-effect relacicnshipa '

b



Thied, it is important to realize the coursze of events betveen the
tinz of éxposu:a. and that of ecortpg, ﬁevéral 4ay¢ later, Many cells
have shown chromosomal or other cytologicsl damage, and the number -
tha:'ahows e&ch damage increases greatly with fncreasing dose,
Presumably the proliferative capacity of a cell, as indicated by colony
-glza after a period of time can be curtailed with visible evidence of
demage to the original cell actually radisted, Thus the guality as woll
&8s quantity of surviving cells is hffected.- The more severely injured
..ﬁay not survive ona division, Tha less severely injured may go through
one, two, threa or/ggig division, before all progeny dies, bnly caﬁpletely
non-injﬁfed cells, or alightly injured cells will survive to produce &
sustained clone of celle, However, there i3 good evidence from Hala
cell studies that even the (quote) "survivors" (end quote)‘muy have a
;educed pxoliferative_potential. perhaps related to a prolonged.
generation tlma; With increasing doge, the colonies that survive are
:'amaller. _

‘We might then expect, that when a popu!ation\of proliferating
stem cells fn the marrow is irradiated, that similer events would occur.
7 At_inctaasing,vbni sttll‘:elativgly low dosges, few cells would be'able :
‘Vvtb ptoliferéte st ell, and mhﬁy of'thasé £o£ only a few division,

' At higher dqaea. mbs# yould nét éﬁrvivefeﬁan one divis;on. and only the

Eﬂrzeiacivelyvintaci or completely {ntact ecells wbﬁld rexain to replenich

" -, the population,

We may now return specifically to the curve $hown here in Slide
B 2 for the mouse; Tale almost certainly 1e for stem cells in the bono
- marrow, and each colony counted in the spleen of the heuvily irradiated

) _deughter represents probablyva single surviving stem'cell in the
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’.binjeﬁted marcow, MNote that the LDy, or the dose to kill half of the
cells ie only shout seventy-five rade, This means éhat at the LDgg for
the mouse #or vat, around seven hundred and £ifty rads, only abcﬁt
zero point ons paf cent, or one;out of every ons thousand stem cells
remains relatively intact or completely intact, At lower doses, less
gaverely injured celle would prolifarate for a few divisions,xbut
would be incapable of sustairing the population or producing & viéible

module, That is to say, some irradiated stem cells divide only twice

gors only thrce times etcetera before all progeny die, Slide off pleassa,

Eefore translating the above into what might be expacted to been in the marrow -
snd peripheral bldod in the mammal given whole body irrsdiation, it iz
‘necessary to consider the effects of radiation on the dividing and maturating
components of the marrow, The phenomena are simllar to those scea with tissue
culture end other gimilar gelf-sustaining populatings, but to 2 lesser degtae.A‘
We heve somz portineat information on myelopoiesis in the rat} bovever it wvill
to nzcessary to bring in gome dats on the erythrocytic series #5 well f{n oxder
to make the Jesired points,
| Firkt, gtoséiy eboormal célls are seen easily at high dose levels gnd can ('.
' be seen with little difficulty at lower dose levels, May I have the mext
'  _alide‘pleaae.. | S = ‘ R -
© slge s
R Hzze is ghown the nurber of‘mitdttcallf cbanected aebnormalities
in the'uygiocytic-aariés, érﬁittari!y scored, versus time after |
- {rradiation, The mitotically connéétea’abno:maligies are very easily
'éeén. end do mot appear et ell until some of thé'irfadiated cells have

 had time to go through mitosis and divide, The zbmormalities cre
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easily visible} as- chromoaoma fragmente, fragm.nted nuclei, giant cella.
binucleated cells, etcatera, Most:of tha abnormal cella ot ‘these high

' dosevlevels were sufficipntly mature and appeared cnrly enough, eo that
the daczage geen ﬁust‘;epresen: damage in the maturating dividiﬁgi £'
coﬁpartments, and pot only in the ctem cells,: Note that the number of
abnormal celle incteéned with increcsing tims but thot the ebnormal
cells rem zained for a chorter time at the higher dose- leveln. In 8ll"

. cases, the abnormal cells were (quote) "suept out" (end quote) rapidly,

. and had disappeared within the total tize required for the carliest

, ,recognizable precursor to differentiate leave tha martow. Thus there
‘3eems to ba no delsy 1n matntation of theaa abaormal cells. aéd they ‘

eithet leava the BETEOW to ths blood etream or are ouickly removed tf

they disintegrate. 811de off please. _

' But what about the remaining c¢ells that show no detectable injury? - jf*
Here we have some infermation, on both the most mature»mwelocytic;ceiis and
on the erythrocytic cells, First, with respect to the myelocytic*cél}s; 1f -
# single f{njection of tritifated thymidine ie given to a normal rat, the

‘labeled granulocytes appear ‘in tha perigheral blaod atarting at about three -

and-one-half_daye>afterethymidine edninistration, After doses of 1 ryads, -

the icbeled celle eppear at approximately the ssme time, Thie indicates no

| sigﬁificantfdegree of delay in maturation of these cells, teaultiﬁg from the

- expogure, The time for waturation from the Iast BT synthesis,?throughithe

last divisiod,-and thraugh tha final macuration,anduraleasa'to thn-blood 15

| not alteféd Stmilarly for the erythrocy:ie seriea. and may I have the next

slide please. S TN IR S e R
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§lide 5
This repraseats the progression in tima cf tritiated thymidin_

labelled cells, from ‘gtages that normally lable at ence or 1mmediatc1y
‘after tritiated thymidine injection into normally nen-labelinu more

gtages. The slide ghows the vate of progressioa in the normal,and in a
"dog given a2 ona hundred fifty r vhole bedy irradiation, From these date
. 4t would seenm clear :hat altbough waturating dividing cells are 1njurad

'to varying degrees, depenﬂing on dose, the ramaining cells continue to
~ maturate and Ieava the marrow at essentially the powxmal rate, Lighta

p!ease.

With ths zbove discussion of radiation effccts on both stem cells and

m,..turating-di.vidin° cella. one can then anticipate what vauld kappen in the

, 1:radlated WATTOW aad.see 1£ the predictions agree with available data, It

ig easier here 1a1t1a11y tc look at higher doae levels in the high lethal
range or aomswhat higher. Eere no earvival occurs normally end ve are dealing
with the so-called degenarative phase of bona maroy danage only. Here

quantitative data‘on nnmbers ofxcells, not obtaiuable with szears alone, arev

‘~7 ; required for evaluation, Such data ere available only £or the rodent as

ehown on the mext slide, nezt alide pleasa,
| ,,‘51163 6 *V |
. | Eere ta shoun a plot of the total number of cella in the bona
 ,'martaw of the yat femur, versus days after eight hundred t'whole bedy |
', trrad£a:1on. thia represauts tha ralative number of myelopoietic cells
of all stages of maturation. jlote that tba curve has a (quote) "shoulder"
 {end quote), parhaps reflecting the time required forwmany of thg cellg to

pass through stages of tha cell cycle ﬁreceding witogis, The curve then



falls exponenttally, as would be expected. and ehe lov paint 13 teached .-
k'valao as expected e ac three to three and a half daya. Note alao begznning :
: tegeneration, even though tha animals die.(.;_ o “, .
‘ Hith the ma:tow (quote) 'hmptzed" (end quote) of myelocytic pracursors
: .by chree and ona half daya. and . with the kaown vety short teaidcnce tims
of grannloeytee in the perlph~r31 blood. ona. would expect :ba blood to be
depleted shor:ly after the WATTOW reaches a low point.‘ Hay I“havg ;hq_”
next slide please.t ,w“ | N o o e
' Slide 7 e - |
B Ezre ere shovn the curves for the relattva nuzber of granulocycea
. in the pat;phetalAblcod versus time. Curvaa are ghovn for threevspecies‘
- tﬁéldog; the rat and mén;‘a#d the doses are of the sama order of magnitudé
bt ﬁighf..féfouna:ezght'hund:ed to a thousand r, It will be noted that
" granulocytes of the rat reach a low just after the myelopoietic elexents
fliu the bone marr&ﬁ'réachsd'e minfasm, The somewhat earlier decrease
fiw‘affor the dog is probably due to the fact that the dose of radiation was
i‘p _highar than for the tat. The human dsta are complicated by the fact that
v ¥?‘3the tadiationa vere mixed we ‘neutrons, gamma and X-rays -- and that the
;v dose to the‘tissues vas markedly,upn-unifotm‘j‘ane:hglgeq.‘the granulogyteé

i‘?rjfwere depléted hy day five to stx, sizae off plesse.

.r Thus, although there exiac d!fferences of 2 day or two depending on

:i‘;epecies snd dose, ths genaral pattern of degeneration at hlgh doae levels

'57“seems clear.g The aaquence of eventa is ag though the numbera of stem cells

- were 3 rather & ddenly reduced drastically in number._ Any rematning stemm f;,,',;ur
,gust repopulate their own;k;nd. a3 well ag ettempt to feed cells 1nto th¢. 

“ﬂ‘matutating pool, The celle that uare(ltradiated while maturating either
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dis or ﬁaturate at eéaeﬁtiélly the normal rate;‘and,‘with little or no
replacement from ﬁhe ¢gten cells, the m@rfcw iq‘cOmpletély devoid of formed
precursor elements in the expected time of th:eé to five days, In the
pertphetal blood, this 18 teflected in essentially total depletion of
peripheral neutrophiles by day four to six, Tba individusl dies a few dayé
after granulocyte depletion, The exact time depends in part on tha tima and

nature of the 1nfection that is certain to devalop. and part on when: the -

- peripheral platelats are also depleted. and gevere hemorrhage compltcates the

 picture,
| We may now proceed to the regensrative phase, and it is initielly eﬁater.
io deal with relatively high radiation dose levels, Here spontancous regencrae
tion is possible for the rodent, but not for the dog or £oi man, Hay I have
‘the next slide please,
_Elide é
}Bcra'wa ses the blood granulocyte count plotted against days #fter" :
whole body exposure, for the dog and the rat, At the higher dose levele,
| spontancous regeneration is possible for the dog. Hdwavqr izxaanazn
i régéneraticn_occurs in dog or manvénly 1f normal mqrrow._that is to say"
" poramal stem.éells‘aré‘injectcd after%rédiatidn.;_ln the rat. it 18
it éeenxglesrly‘that tegehération begins éari&"—-'hs'early 2s the fourth
 ;:?for fifch dsy. But is also geen that this tegeneratioﬁ is chort-lived o=
'€f  1t has been teraed (quotea) “ghortive regeneration" (end quote), and |
v';f may wall be reflected 1n the marrow.v At least in the rat, on day five or,‘ 
| 'i?\aix are seen small ialanda of (quote) ”tegeneracion“ (end quote). of B
‘i’cella that can be 1dent£££ed as myelocytic. Bowever m.ny of tha celle

appear to be abnormal and ths colonies are reduced in aize or appuar
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Lf“““iifi":ﬁ | | fo‘hava disappzaréd one to two déys later, when the cells havé had}é

. chance to divide a fcw more times, This could ba interpreted that

' only the colonies derived from relatively unaffected or camplecely

. unaffected cells can produce sustainad cblonies. end ttrie thase
rolatively unaffected cells that proceed'to ths true and sustained
regeneration seen latér. This permanent regémaraticn is feflecﬁed in
the relatively smooth g:anulocyte curve geen beyond éry tweslve,
| Now letlua look at the curve for the dog at one thousand r.

" At this dose death 1g certain in eight to twelve days, even if
replacemont w2asures sﬁch aa platelets, fluids and antiblotics are
‘used, However, 1f sn introvenous infusion of ths dogs own bone marrow

- 18 gi;en. the marrow regencrates with vemarkable rapidity as-teflected
in the curve on the slide, and the animal sugyvives, Apparently enough
normal #;em cells have been added to the surviving relatively intact
ones, sucﬁ that regeneration can proceed sufficiently far and £ast.to

‘ prevent death, At the far right in the slide, for comparison, is given
the regenerative curve for a dog exposed to a wuch lowar dose, The
doge was two hundred end £1fty r.(which is still lethal for about haif

| of a population of animals go exposed, 8lide off pleasze,

- Several comclusions seem reagonable fron those comparative dita, The

dogjéan surbive at high doges es does tha rat, with rapid marrow fégenetétton o

“1 as in the ?at. However, for such.regeharation. ft fe necessary that edditional
gg;ggl'ateh cells must be 9uppliéd. Thue survival depends on the numSer afhd

| quality qflatem cellg ﬁresent.A The curves; beyond the‘region of (quote)

- “aboréivé“riaaﬂ‘(enﬁaQuote)‘foiAthéjrgt.’appear identical;fbéibétﬁéthe;rat

'sifif:' " and the marrow trested dog. Thud'thé:édrva for the dog may reflect the
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{quote) “true" (end quote) regencrative clonss im both species, Tﬁis wbuldﬁ

 fndicate that the d&g and rat ect differeatly with recpoct to lethal dose and
:.'cime course of events after exposure, because of differential ﬁensitivity of

‘Ltha.atem cell population, or the ability of this frrediated population to
fedd into the waturating cell groups., At six hundred or seven huadred r,
the rat has rem#ining stem cells in sufficlent quantity, and of such quality
fhat regeneration ig possible before peripheral bloed depletion leads to
death, The dog at this high doce has so few intact stem cells that adequate
regensration is not possible befors death ensues, The faet that the dog
marrow regensrates rapidly after boue ﬁa;rcw infusion, at doses of radiation
four to five times the othervise lethal dose, 1nd1catcs that it is not
suséained.atrOmal damage to the marrcw; or some goeneral stomach disturbance
tesultihg in continued marrawvaplasia, or a éuppraéslng (quote) "feedbaék"
(end quote) from the spleen or other organ that 1s responsible for prolonged
narrow fallure and delayed regensration at lov'dosea in the dog and men,
Rathar, it (s much more likely to be qualitagive and quantitative diffetances

in effects of radiation on the stem cell population,

‘The fact that the cerve for regneratioa for the untrested dog, at one~fourth
i'tha vadiation dose zs seen on tha slidé. is considerably wore shallow end
delayed than for the kﬁghal recelving a muéh higher radlation dose, plus
f’mérraﬁ. ‘Thie can be taken es évidence that the remaining trr#diated stem »
‘f cells are not only reduced in quantity, but iu quality as well, Or alternattvely,"
‘ .£t could teflect aimply e greatet aumber of fully viable gtea cells in tha matraw-"
\.tteated enimal, Further evidence for qualitative defécts ta explain thie |

phenomannn will be ehown in the Iast two slides, Next elide pleage,
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- Slide 9

: EBzyo wa sez the numbor of mitotiéally-conneeted‘abnormalitiee
in ;ha myelogyzic geries, virsus time, {n the bone merrow of men .
_exposed ih'the iawvlethal or very hfgh sublethal range, or a éqse
qflapptoximately threaibundrad r. N,te that while such ebnormalities
- have disappeared cozpletely from the rat bonme mazrow by day three or
; foﬁf at the latest, 1im the high dose levels, in the human belng they
bareist at least until day nine and likely well beyond, This 1s~much
| too long for tha'original damage to have occurred in the mturatinge
dividirg pool, end this undoubtedly reflects damage to the stem cells,
It is slso of considerable importance to note that vhiie the
F‘V sbnormalities dé pgratst for many days, they do disappéar..or at least
esgentially all of them dicappear, This would indficate further thét
~som2 damaged sten cells ¢an dividé gevaral ticae to produca'abnprgal
progeny, buﬁ that.evéntually the damaged stem cell and all of its
progeny die ‘end ave removed from the marrow.'v?urther‘evidence can be

deduced from the next elide, end L{f I may have this now'pleaae.

_ | }_This'élide you will recognize as the sams as ﬁhe‘firat aiidé 1 .
- gh&ﬁéd; ' Here we ece the grannlocyte’@bunt versus tice in the paiipheral ‘1
blood of ths rat, dog and man exposed to doses of radié:ion‘éréund'three'
ﬁundred and fifty r; These dosesvate‘in the letbél range for dog ahd o
" man, but ere well below the lethal dose for the rat, Note first the
' curﬁe for the fat. There ie an initlai dip; however regenaration is
" eerly and markgd. The count is normal or sbove mormal by day eix,

Bowever, & markedly different situation exists for the dog and man,
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.;_gs’ie evident from the curves, 'The’éurvas for both spacies, as opposed
to that for the ret, in time reach eéééh££ally zaro, EHowecver, the time
required for the counts to fall to zero s quite long in the dog- and
man asbcompared to the rat, If this eventusl mafked £211 wore due worely
to killing of stem cells, or killing or injuring maturating-dividing
cells, then the low point w§uld have occurzed wo later than day five or
six for both'speciaa.f'Futther.‘frop the dat2 on warrow injection in the
dog, marked regemcration of stem cells, had they been normal, would. :

: ‘:have been well undoruay by day twclve ta.fouzteen."rhia evidence: again

‘~,poin£s to &aﬁagedvsiem cells as tﬁe.expldnatibn for the'deiayed.fail in

- count, and the delayed péttern of regensration seen in dog and man as
opposed to tha rat.'?At’thssa ralativa;yiﬁlav'doses; the numbéx‘of -
. completely viable etem cells is reduced to éonsidarably lower levels
- than in the‘;aé; In addition, however, a number of damaged stem cells
7”remaiu; Thesé'pfoduce:damaged‘offspriug that can survive for several
»genat§tions. but?ﬁhey and all'thair'progeny-diéiéut in a matter of days to
ﬁeeks. It {e at this time that the low point in the curve is reached,
A rige In the curva oécuré in survivors, ¥hen ths very fewrthltially
| :eméinipg stexs cglls‘hgve‘tgplenished their cwnlnugbér.to a degfee, and H

‘.gra_ablevtb;fegazgé;ia into thg_diffexgntiatingApo§1;.!May ;;have‘ﬁhe

s  lights §1ease,-_! R - | o S

‘ ‘In'summatj; I'hévé;pieaeated’da:a’ahﬁwiné'a‘marﬁed spaéiés diffgieﬁéé

in the degree of'daéage. andvin the'co@rse‘of eﬁenﬁa scen in the bone
warrow and peripheral blood after algtven dose of fadiacion; ‘The data ﬁaken' .
together indicéte,strangly tut 'do not prove, that the picture seen‘fesults

Abrimarlly from damage to the stem cell population, This damage to the
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stem cells is menffested later in the wore mature differentiating cells of
tha marrow, and in the peripha:al'blood.‘ Ths bicture'eeen #esults both
from deaﬁh of gten cells, and also injury leading'tolredu¢ed proliferative
capacity, with later death of the iajurad e;em cell end all of ite progeny.
Thﬁa chekpicture seen is a result df both quantitative and qualitativa '
changes resulting diréc:ly from tha exposura'of the stem cells, and species
differences relative to semsitivity and time course of events appear to
depend to a large degree on differential eensitiviiy 6f the bone marrow

stem cell populations to death and injury,
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